ABSTRACT
Introduction
Extraction of upper and/ or lower first premolars have been traditionally employed for orthodontic camouflage of patients with bidento-alveolar protrusion and Class II Division 1 malocclusions (1-6). Unwarranted posterior tooth movement which may result during the closure of extraction spaces in such patients are usually controlled with conventional anchorage methods like transpalatal arches (7) , headgear (8) , bonding second molars (9) , and differential moments concept (10) . However, these methods are not effective in providing absolute anchorage and 2-3 mm of mesial movement of anchor teeth have been reported (7, 11) . Nevertheless, after the introduction of mini-implants it is now possible to achieve absolute anchorage (12) . Numerous studies have the evaluated the anchorage loss of maxillary and/or mandibular first molars during space closure. They reported that the direct anchorage from miniimplants provide absolute anchorage when compared to conventional anchorage methods (13) .
Although, the anchorage control of posterior teeth is superior with mini-implants, the nature of the displacement of the maxillary incisors with both methods of space closure will be of interest for clinicians. The type and direction of the resulting tooth movement depends on the interaction between the line of force and center of resistance (Cr) of any specific tooth or group of teeth (14) . Different type of tooth movements may result based on the line of force applied in both methods of space closure. Additionally other biomechanical variables such as the play between the archwire and bracket, defection of the archwire, use of power arms, may have significant effect on the ensuing tooth movement (14, 15) .
In a recent systematic review Li et al. (16) , compared the maxillary incisor changes between mini-implant and conventional methods of space closure. However, no definite conclusions were made due to the heterogeneity among the included studies. Additionally, they failed to account for the biomechanical variables that could affect the type of tooth movement. Contemporary scientific evidence on the amount of maxillary incisor retraction that may result from mini-implant or conventional anchorage techniques could provide important clinical information, which may aid in selecting the appropriate method of anchorage control during orthodontic treatment planning. Therefore, the primary objective of this systematic review is to compare the antero-posterior, vertical and angular changes of maxillary incisors with conventional and mini-implant based space closure methods.
Materials and Methods
A protocol for conducting this systematic review was drafted with the consensus of all authors and registered with PROSPERO, the prospective register of systematic reviews (Registration no. -CRD42015019093, Center for Reviews and Dissemination, University of York (www.crd. york.ac.uk/PROSPERO/index.asp). We followed the PRISMA guidelines (17) for conducting this systematic review. The primary question addressed by this review was defined according to the (PICO format: P-participant, I-intervention, C-comparison, O-outcome). 
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the duplicates were removed. The title and abstracts were first screened to select the potential articles of interest. The following inclusion criteria were used: 1) Subjects with either Angle Class II Division 1 malocclusion with maxillary first premolar extraction, or Class I malocclusion with bimaxillary protrusion.
2) Patients requiring extraction of all first premolars and maximum anchorage control for space closure of maxillary anterior teeth.
3) Randomized clinical trials (RCT). Studies which included patients with hereditary disorders, systemic diseases, craniofacial syndromes, or those on medications that may affect the orthodontic tooth movement, previous orthodontic treatment or orthognathic surgery were excluded.
Assessment of relevance, validity, and data extraction
Two reviewers (NJ and YSNJ) independently assessed the abstracts of studies resulting from the searches. Full texts of all studies identified in the first round were obtained and rescreened against the selection criteria. The reference lists of these articles were searched for any potentially relevant studies. The following primary and secondary outcome data were extracted from the studies that met the inclusion criteria and entered onto Excel spreadsheets based on the type of anchorage used (conventional or skeletal). The primary outcome data included: linear, angular, and vertical changes in maxillary incisor during space closure achieved with conventional and skeletal anchorage methods.
The secondary outcome measures included: overbite changes, soft tissue changes (facial convexity, nasolabial angle, upper and lower lip changes), biomechanical factors (dimension of archwire used during space closure, whether power arms were used or not, type of force application), the location of miniscrew implants, root resorption of maxillary incisors and the duration of treatment.
The methodological quality of each study was assessed using the Cochrane Collaborations risk of bias tool (19) . The following domains were investigated for the included RCTs: random sequence generation, allocation concealment, blinding of outcome assessor, incomplete outcome data, selective reporting and other any bias. For every RCT assessed, they were stratified as low, unclear and high risk of bias as defined in the Cochrane Handbook for Systematic Reviews of Intervention (20) . The data collection and study quality assessment was performed by 2 authors (NJ and YSNJ) separately. Any disagreements between the 2 authors were resolved by consensus.
Results
A total of 280 articles were retrieved after the manual and electronic search of all databases. The QUORUM flow chart (21) (Figure 1 ) illustrates the process of selecting the studies based on the inclusion and exclusion criteria. After a thorough assessment, which included contacting the corresponding authors to get missing or other information pertaining to this review, only 6 randomized clinical trials (RCTs) were included in this systematic review. (Table 1 ) (22) (23) (24) (25) (26) (27) . Among the 6 RCTs, 2 studies (23, 24) used palatal mini-implants and or onplants with indirect anchorage from transpalatal arch. Direct anchorage from mini-implants placed interdentally between maxillary first molars and second premolars were used in the other clinical trials (Table 1) (22, (25) (26) (27) . The transpalatal arch, headgear, differential moments and bonding second molars were used as conventional anchorage techniques. The method of space closure employed with conventional anchorage was 2 step space closure in two studies (22, 27) , enmasse retraction in 2 trials (25, 26) and not reported in the other 2 studies (Table 2) (23, 24) . The dental, skeletal, and soft tissues changes obtained from these 6 RCTs are presented in Tables  3-5 . Due to the heterogeneity in the selected RCTs, either due to variation in the type of archwire used for space closure, or location of mini-implants, or line of force for retraction, or time of evaluation; it was impossible to perform a meta-analysis. Instead, a narrative synthesis was performed to extract clinically relevant information. Study Quality assessment Table 6 shows the results of quality assessment of included studies. Figure 2 shows the overall risk of bias for the articles included in this systematic review. Among the 6 RCTs, 2 studies were stratified as high quality with low risk of bias (22, 23, 26) , 2 were of medium quality with moderate risk of bias (24, 25, 27) , and 2 RCTs were of poor quality with high risk of bias. In all the RCTs, the method of randomization and incomplete outcome data (attrition bias) was adequate.
The allocation concealment was adequate in only 2 studies (22, 23) and Due to the type of intervention, which precluded blinding of both the operator and patients in all the included articles. However blinding of outcome assessment was possible and reported to be performed in 3 studies. (22, 23, 26) All the clinical trials reportedly had similar baseline characteristics. Reliability assessment and statistical analysis were appropriate in all studies. Sample size was estimated in 4 trials prior to collection of data (22) (23) (24) 27) .Other than Ma et al. (26) , the inclusion and exclusion criteria were described in the other 5 clinical trials. Lateral cephalogram were used to compare the pre and post retraction changes and the measurement methods were similar in all the clinical trials.
Primary Outcomes
Maxillary incisor retraction: Amount of maxillary incisor retraction measured at the incisal edge ranged from 0.7 -6.33 mm with conventional anchorage methods and 2.1 -7.22 mm with skeletal anchorage (Table 3) .
Angular change of maxillary incisors: The angular change of maxillary incisors during space closure ranged from 7.12 -16.83 degrees with conventional anchorage methods and 4.6 -13.53 degrees with skeletal anchorage (Table 3) .
Vertical changes of maxillary incisors: Only 3 clinical trials (22, 25, 26) reported the vertical change of maxillary incisors. Maxillary incisor extrusion ranged from 0.92 -2.03mm with conventional anchorage, and 1.53 -2.15mm with skeletal anchorage (Table 3) . Two of these studies (25, 26) measured the vertical position of the incisors before and after completion of treatment, whereas the third study measured after the space closure (27) .
Secondary Outcomes
Anchorage loss of maxillary 1 st molars: The anchorage loss with conventional techniques ranged from 1 -3.22mm. In contrast, a 0.75 -1.42mm anchorage gain (i.e. distalization of maxillary 1 st molar) was noted when the mini-implant was placed buccally between the maxillary 1 st and 2 nd premolar. However anchorage loss of 0.74 -1.5mm was observed when the mini-implant was placed in the palatal region (Table 3) .
Vertical change in maxillary 1 st molar: The reported maxillary 1 st molar extrusion ranged from 0.38 -1.4mm with conventional anchorage methods and intrusion ranged from -0.22 to -0.06mm with skeletal anchorage (Table 3) . A 0.02mm extrusion of the 1 st molar was reported by Al-Sibae et al. (22) when using mini-implants. Soft tissue changes: The increase of the nasolabial angle during space closure was higher with skeletal anchorage (6.94 -11.67°) compared to conventional anchorage (5 -5.93°) ( Table 4 ). The change in the distance from the upper lip to E line was basically similar, ranging from 2.47 -3.38mm and 2.89 -4.71mm in the conventional and skeletal anchorage groups respectively. The lower lips were retracted 1.47 -3.11mm with reference to E line in the conventional group while this ranged from 2.5 -4.78mm in the skeletal anchorage group. Finally, the angle of facial convexity showed a slight decrease of 1.17 -1.26 degrees and 1.82 -2.33 degrees in the conventional and skeletal anchorage groups respectively.
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Skeletal changes: The mandibular plane angle and lower anterior facial height was either maintained or slightly reduced after space closure with skeletal anchorage, whereas slight increase in this angle was seen with conventional anchorage (Table 5 ). The change in ANB angle was highly variable between the 2 groups, but a minor reduction was seen in both groups.
Root resorption: None of the clinical trials reported root resorption in the maxillary incisors. Retraction time: Only two RCTs 22, 26 reported the retraction time which ranged from 9.94 -16.97 months with conventional anchorage (Table 7) and slightly shorter (8.61 -12.9 months) with skeletal anchorage. (27) study used 0.017 x 0.025-in stainless steel archwire during space closure. Hooks were crimped or soldered on the archwires distal to the lateral incisors and an elastic chain or Nickel Titanium springs were used in the mini-implant group. But, Al-Sibaie et al. (22) used power arms with a length of 8mm. In the conventional group only 2 studies (25, 26) reported using hooks on the archwire during retraction. The line of retraction force in the mini-implant group had an intrusive and retractive component as reported in 2 studies and parallel to occlusal plane in Al-Sibaie study (22) , whereas in the conventional group it was horizontal or parallel to occlusal plane as reported in 3 clinical trials (22, 25, 26) (Table 2 ). Finally, in Upadhyay et al. (27) study they used 0.022-in brackets with Roth prescription and 4 studies reported using 0.022-in MBT brackets (Table 2) (22) (23) (24) 26) .
Discussion
Most of the available literature primarily focused on the loss of anchorage in relation to the maxillary 1 st molar during space closure using conventional and mini-implant anchorage (12) . Thus, the primary aim of this systematic review was to determine the maxillary incisor changes both in anteroposterior and vertical dimension. In addition, we wanted to evaluate the effects of the direction of the retraction force, archwire dimension and power arms on maxillary incisors during space closure. These variables can alter the resulting tooth movement and such information could influence the selection of the most appropriate method of anchorage.
Main findings
The amount of maxillary incisor retraction reported in 5 of the 6 RCTs included in the systematic review was greater with skeletal anchorage than conventional methods. Furthermore, the amount of incisor retraction with palatal mini-implants 23, 24 was less when compared to buccally placed interdental mini-implants. This may result from the fact that palatal mini-implants provide indirect anchorage and this was not effective in preventing mesial movement of maxillary molars, which limited the amount of incisor retraction. In addition, one of these palatal mini-implant studies (24) included patients with crowding and those requiring moderate to maximum anchorage which may have also limited the magnitude of incisor retraction.
The degree of change in the incisor angulation was greater with conventional anchorage compared to skeletal anchorage. This may result from the differences in the line of retraction force between these 2 techniques. The line of force in the conventional group was horizontal or parallel to the occlusal plane, whereas it was upward and backward when miniimplants are placed buccally. In contrast, Al-Sibae et al. (22) used 8 mm power arms to make the line of force parallel to the occlusal plane. It should be noted that the change in the incisor angulation was highest in Upadhyay et al. study (27) who used 0.017 x 0.025" stainless steel archwire for retraction, whereas other studies used 0.019 x 0.025"archwires. In Feldmann et al. study (24) (that employed palatal mini-implants or onplants), the amount of angulation change was significantly higher in the conventional group in spite of having similar line of action of force.
The vertical change of incisors was only reported in 3 studies (22, 25, 26) , they reported the differences between the mini-implant and conventional anchorage groups. Intrusion of maxillary incisors was observed in the mini-implant group whereas extrusion was reported with conventional retraction methods. However, in 2 studies the measurements were recorded after completion of treatment and hence the incisor movement could be altered during finishing (25, 26) . The only biomechanical explanation may be attributed to the difference in line of retraction force between mini-implant and conventional group. AlSibaie et al. (22) used 8mm power arm and the line of force was parallel to occlusal plane in the miniimplant group. Despite using an 8mm power arm by Al-Sibaie et al. (22) , significant intrusion of maxillary incisors was seen, which could be attributed to the bending moment of the power arm (15) .
Direct anchorage from mini-implants provided absolute anchorage but slight distal movement of maxillary 1 st molars (i.e. anchorage gain) was also reported (22, (25) (26) (27) . Indirect anchorage from palatal mini-implants was not effective in providing absolute anchorage during space closure (23, 24) . Also, with conventional anchorage methods, significant mesial movement of maxillary molars was reported. Additionally, when 0.017 x 0.025" archwire was used, greater anchorage loss was observed (27) when compared to clinical trials that used 0.019 x 0.025-in archwire (22, 25, 26) . In the vertical dimension, the position of the maxillary 1 st molars was maintained in the mini-implant group and slight extrusion was seen in conventional anchorage group (22, 25, 27) . Most of the clinical trials reported slight decrease in the mandibular plane angle in the mini-implant group when compared to the conventional anchorage group (22, (24) (25) (26) (27) . Similarly, a slight decrease in the lower anterior facial height was reported in the mini-implant group in some studies (25, 27) . Since the vertical control of molars was superior in the mini-implant group, it may be safe to recommend mini-implants for space closure in maximum anchorage subjects with hyperdivergent growth pattern.
The impact of facial soft tissue changes between the mini-implant and conventional anchorage was assessed among the 6 RCTS. Three trials (22, 25, 27) reported the changes in nasolabial angle and antero-posterior position of lips and 2 RCTs (25, 27) reported the changes in the angle of facial convexity. The amount of nasolabial angle change was not significant in one clinical trial (26) between the two groups. However greater change in the nasolabial angle was observed in the mini-implant group in the other 2 studies (22, 27) . These changes were pronounced when 0.017 x 0.025" archwire was used for space closure (27) .The reduction in the angle of facial convexity was too small between the two groups and may not be clinically significant (25, 27) . The upper lip was retracted in both groups but these differences were not significant (22, 25, 27) . However, two clinical trials (22, 27) reported that the lower lip retracted more with reference to E line in the mini-implant group.
Confounding factors
Several other confounding factors may have influenced the differences in the incisor retraction reported by the included studies. In 4 clinical trials (22) (23) (24) 27) , incisor retraction was estimated immediately after space closure; while this was measured at the completion of orthodontic treatment in the remaining 2 studies (25, 26) . Likewise, the use of reverse curve of Spee archwire and intermaxillary elastics by Benson et al. (23) The quality and quantity of incisor movement differed when two archwire of different dimension were used. The amount of retraction and angular change of incisors were greater in the study (27) that used 0.017 x 0.025"archwire during space closure in comparison to the other 5 RCTs (22-26) that employed 0.019 x 0.025"stainless steel archwire. The linear displacement of maxillary incisors was slightly less when a 0.019 x 0.025" archwire was used in all the studies except in Liu et al. article (25) . However, in the Liu et al. (25) study, the amount of incisor movement was measured after orthodontic treatment and the incisor position could have been altered during the finishing stage. In the Al-Sibaie et al. (22) study, a 8 mm power arm was used during space closure in the mini-implant group, and as a result the type of incisor movement was different from the other clinical trials. Although the linear displacement was comparable with other articles, the angular displacement was much less, approximating translation.
The archwire bracket play is an important variable that can significantly affect the quality and quantity of tooth movement (15) . Since the bracket play is greater when an archwire with smaller dimension is used, one can expect greater angular changes and more retraction. Another important observation was the greater angular change of incisors in the conventional anchorage group, which could be attributed to the difference in line of force between the 2 groups. The line of force had an intrusive and retractive component in mini-implant group, whereas in the conventional group it was parallel to the occlusal plane. The maxillary incisor position was better controlled in the mini-implant group due to the intrusive component of the retractive force. As expected, greater tipping of the incisors was seen in conventional anchorage group, especially with a 0.017 x 0.025-in archwire (22) which may require additional root torqueing during finishing.
Implications for clinical practice
Extrapolating the findings of this systematic review into the clinical setting is somewhat difficult due to the lack of homogeneity in the published RCTs. However, based on the findings from the included RCTs, the following observations can be made;
The amount of incisor retraction (overjet reduction) was greater with a 0.017 x 0.025" archwire when compared with a 0.019 x 0.025" archwire.
Intrusion and retraction of maxillary incisors was possible with TADS placed buccally between the maxillary 1 st molar and premolar. The tipping of maxillary incisors can be controlled by using a 0.019 x 0.025" archwire for space closure or by incorporating a power arm whose length approximates the center of resistance of the anterior segment and/ or having a line of retractive force with an intrusive and retractive component.
The use of buccally placed mini-implant for space closure can be recommended in patients with deep bites requiring maximum anchorage as intrusion and retraction of the maxillary incisors is observed. On the contrary, overbite increase was documented with traditional methods of space closure.
Suggestions for future research
Although six RCTs were included in this review, the amount of anteroposterior, angular and vertical changes of maxillary incisors was different due to heterogeneity either in study methodology or type of intervention. We couldn't find answers to some of the questions regarding when to use a particular archwire dimension or power arm, the length of power arm, the line of retraction force during space closure. This information is important to the clinician for selecting either appropriate anchorage method during space closure or select correct biomechanical variables that can predictably achieve treatment objectives. However, further research is necessary to evaluate the quality of maxillary incisor movement considering the biomechanical variables which can give valuable information.
The loss of anchorage in all RCT's included for this systematic review has been performed using lateral cephalograms. However, lateral cephalograms have several inherent limitations as it is a 2-D representation of a 3-D object. Superimposition of contralateral molars on a cephalogram may induce measurement errors when assessing anchorage loss. Utilization of novel 3-D imaging techniques such as intra-oral scanners or digital model scanners could be a possible solution to minimize such errors. It has been shown that such 3-D scans taken at 2 time points can be superimposed with reasonable accuracy using the palatal rugae (28) . The amount of tooth movement of all teeth on all 3 planes can be evaluated after such superimpositions.
Conclusion
The amount of incisor retraction was greater with buccally placed mini-implants when compared to conventional anchorage techniques. However, the incisor retraction was less with indirect anchorage from palatal mini-implants when compared with buccally placed mini-implants. Vertically, maxillary incisor intrusion was seen in the buccal miniimplant group, whereas extrusion was seen with conventional anchorage. More RCT's that take in to account relevant biomechanical variables and employ three-dimensional quantification of tooth movements are required to provide accurate information on incisor movements during space closure.
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